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(54) Water-based coating composition. 

(57) A water-based coating composition is disclosed, comprising 

(1) a self-emulsified polyurethane resin emulsion, 

(2) a resin which is either (i) a polymer of an oxazoline represented by formula (I) : 
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wherein R 1 , R 2 , R 3 , and R 4 each represents a hydrogen atom, a halogen atom, an alkyi group, a phenyl 
group, or a substituted phenyl group ; and R 5 represents a non-cyclic organic group having an 
addition-potymerizable unsaturated bond or (ii) a copolymer of the oxazoline and a monomer which is 
not reactive to an oxazoline group, and 
(3) a self-emulsifiable epoxy resin. 
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FIELD OF THE INVENTION 

The present invention relates to a novel water-based coating composition utilizable in the whole field of 
precoated metals and in the post-coating field. More particularly, this invention relates to a water-based coat- 
5 ing composition which forms a coated film having a high degree of processability, anticorrosive properties, 
and suitability for re-coating in the field of water-based coatings (primers) for use in producing rust-proof au- 
tomotive steel sheets or primed steel sheets for electrical appliances, building materials, etc. 

BACKGROUND OF THE INVENTION 

10 

Electrogalvanized steel sheet, welding-plated steel sheet, and steel sheets plated with various alloys are 
produced and extensively used in applications such as electrical appliances, automobiles, and building ma- 
terials. Under these circumstances, there is a growing desire in recent years especially for surface-treated steel 
sheets having excellent corrosion resistance, and the demand for such steel sheets tends to increase. 

15 In the automobile industry, the demand for surface-treated steel sheets with excellent corrosion resistance 

is strong from the standpoints of safety and economy because automotive bodies are exposed to severe cor- 
rosive environments, as seen in the corrosion caused by rock salt scattered on roads for the purpose of anti- 
freezing in the North America and other regions and the corrosion caused by acid rain attributable to smokes 
emitted from industrial areas. 

20 Well known as a surface-treated steel sheet having the desired corrosion resistance is a steel sheet cov- 

ered with an organic film (precoated steel sheet). For forming organic coated films in the production of such 
coated steel sheets, use is made of water-based coating compositions containing polyester, polyurethane, or 
polyolef in resins or the like which are water-soluble, water-dilutable, or water-dispersible. Because these coat- 
ing compositions are water-based, they have advantages that there is no danger of causing a fire or polluting 

25 the working atmosphere and that the coated films formed therefrom are excellent in mechanical strength, flex- 
ibility, and solvent resistance. However, there has been a problem that since a hydrophilic group should be 
incorporated in a large amount in order to make the resins water-soluble, water-dilutable, or water-dispersible, 
the coated films are insufficient especially in water resistance, durability, and the like. 

As an expedient for overcoming the above problem, a technique has recently been disclosed which com- 

30 prises incorporating an aminoplast resin (e.g., a water-soluble melamine resin), an epoxy resin, an aziridine- 
type compound, or the like as a hardener to improve the film performances mentioned above. However, coated 
films obtained with these hardeners are not always sufficient in anticorrosive property in a severe corrosive 
environment. If the coated film thickness is increased in order to ensure anticorrosive properties, the coated 
film comes to have poor suitability for welding and is virtually unusable for automotive steel sheets and the 

35 like. 

As another expedient for overcoming the above-described problem, a water-based resin composition is 
described in JP-A-2-99537 and JP-A-5-295275 in which the composition contains a polymer A comprising a 
water-dispersible polyurethane resin and a polymer B obtained by the polymerization of an addition-polymer- 
izable oxazoline and, if desired, one or more other monomers. (The term "JP-A" as nsed herein means an "un- 
40 examined published Japanese patent application".) There is a description in the references to the effect that 
the water-based resin composition cures in a short time at room temperature to attain improvements in mech- 
anical strength, water resistance, solvent resistance, heat resistance, durability, and adhesiveness to sub- 
strates. 

However, the water-based resin composition described above has had problems that when the emulsified 
45 particles have particle diameters of 1,000 nm or larger, durability is still insufficient, and that the coated film 
formed has poor re-coating suitability. 

Also known is a technique of applying a water-based composition consisting mainly of a dispersion of a 
copolymer of an a-olef in-a.p-unsatu rated ethylenically carboxylic acid. 

The above-described water-based composition has been defective in that since the composition is pro- 
50 duced through emulsion polymerization and hence contains an emulsifying agent, anticorrosive properties are 
impaired. It further has had other problem, for example, that because the resin is acrylic, the coated film formed 
from the composition has a low internal cohesive force and is insufficient in anticorrosive property in both flat 
and processed parts of the substrates. 

In U.S. Patent 4,801 ,644 (corresponding to JP-A-62-1 09813) is described an aqu ous dispersion of a poly- 
55 u re thane formed from a product of the reaction of a polyur than pr polymer terminated by an isocyanate 
group and having a carboxylic acid salt with a chain xtender containing activ hydrogen. According to that 
reference, this aqueous dispersion gives a film which is superior in solvent resistance and water resistanc to 
the film formed from any aqueous polyurethane dispersion on the mark t and which has excellent physical 
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properties. 

However, the aqueous polyur than dispersion is insufficient in anticorrosive property when the polyol 
used has poor hydrolytic resistance. In addition, the dispersion has had another problem that when the emul- 
sified-particle diameters thereof are 1,000 nm or larger, the coated film formed therefrom has poor anticorro- 
5 sive properties and the dispersion stability is also insufficient 

Consequently, a water-based coating composition which forms a coated film having excellent anticorro- 
sive properties even in a severe corrosive environment and virtually usable in automotive steel sheets or the 
like has not been obtained so far. 

In addition to the high rust resistance described above, a precoated steel sheet of the kind described here- 
to inabove is required to further have suitability for electrodeposition and press processing, spot weldability, cor- 
rosion resistance after electrodeposition, and secondary adhesion. 

In order to meet these requirements, improvements have conventionally been made on coating compo- 
sitions for forming the coated films of precoated steel sheets. Generally, a technique for imparting electrode- 
position suitability by incorporating the above-mentioned fumed silica is well-known. However, a silica cont nt 
15 of 27.5% or higher is necessary for obtaining electrodeposition suitability on a virtually required level and such 
a high silica content not only results in impaired suitability for press processing and spot welding, but causes 
unevenness of treatment in a degreasing step due to the dissolution or falling of silica particles during the step. 
Further, a technique for imparting electrodeposition suitability by incorporating a hydrophilic resin (e.g., a poly- 
amide resin) is well-known. However, this technique is defective in that the content of the hydrophilic resin 
20 should be from 5 to 40% in order to obtain the required electrodeposition suitability, resulting in impaired anti- 
corrosive properties, and that the solvent to be used is limited (to dibenzyl alcohol), which is disadvantageous 
from economical and other standpoints. 

As described above, the conventional techniques are still far from attaining well balanced coated film per- 
formances. If the incorporation of such a silica, hydrophilic resin, electrically conductive pigment, etc., even 
25 in relatively small amounts is effective in obtaining electrodeposition suitability, this method is more practical 
because various techniques can be employed more easily, such as alteration of base resins, incorporation of 
hardeners and rust preventives, and selection of such additives from wider ranges. 

SUMMARY OF THE INVENTION 

30 

Accordingly, an object of the present invention is to provide a water-based coating composition excellent 
in anticorrosive property, processability, and re-coating suitability. 

Another object of the present invention is to provide a water-based coating composition which can impart 
electrodeposition suitability required for electrodeposition and is excellent in film performances such as press 

35 processing suitability, spot weldability, rust-preventive property, anticorrosive property after electrodeposi- 
tion, and secondary adhesion. 

As a result of intensive studies made by the present inventors on a novel water-based coating composition 
in order to attain the above-described objects, it has been found that the subjects described below should be 
attained in order to improve the anticorrosive properties and processability of the organic coated films formed 

40 from the conventional coating compositions. 

That is, since the factors which govern the improvements of anticorrosive properties and adhesion are 
ion permeability and adhesion to substrates, urethane resin films having a high internal cohesive force due 
to the urethane bond, which has the two factors, are superior to acrylic resins in anticorrosive property in both 
flat and processed parts of the substrates because the former resin films have lower water permeability and 

45 higher elongation at break. The urethane bond also contributes to an improvement in adhesion because it 
forms a hydrogen bond or other linkage with substrates. Therefore the subjects for using such a urethane resin 
to produce a water-based coating composition improved in anticorrosive property are (i) formation of an aqu- 
eous fine-particle emulsion (colloidal dispersion) which is emulsif ier-free and has good dispersion stability; 
(it) impartation of hydrolytic resistance; and (iii) selection of a hardener which reacts with a hydrophilic func- 

5o tional group after film formation. For attaining (i) the formation of an aqueous fine-particle emulsion which is 
emulsif ier-free and has good dispersion stability, the ionomer method is used in which carboxyl groups, con- 
tributing to dispersion stability, are incorporated into a urethane backbone and the resulting urethane resin is 
hydrated and stabilized using an amine for neutralization, by which method the resin can be finely dispersed 
due to the tonicity to enable the emulsion to have improved film-forming properties and give a uniform and 

55 d nse film free from coating def cts. For attaining (ii) the impartation f hydrolytic resistance, a polycarbonat 
polyol is us d, by which th resin can be made to hav improved hydrolytic resistance and be I ss apt to be 
degraded and, hence, the deterioration of th bar ri r properti s of an organic film can be diminished. Further, 
as a hardener for (iii) above which reacts with a hydrophilic functional group after film formation, an oxazolin - 
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containing polymer resin is used which is a hardener that reacts with carboxyl groups at a low temperature in 
a short time period and does not impair coating adhesion; the incorporation of such a hardener is necessary 
because use of a self-emulsified polyurethane resin emulsion alone results in a coated film having impaired 
water resistance and poor anticorrosive properties due to the remaining carboxyl groups used as a hydrophilic 

5 group necessary for hydration. It has been found that anticorrosive properties and processability are improved 
by thus attaining (i) to (iii) described above. 

It has further been found, for attaining the objects described hereinabove, that re-coating suitability can 
be improved without impairing the improved anticorrosive properties and processability, by using a self- 
emulsif iable epoxy resin along with the polyurethane resin to thereby incorporate secondary OH groups in the 

10 polyurethane resin in which the functional group has been consumed by the curing reaction. The present in- 
vention has been completed based on these findings. 

The first object of the present invention can therefore be accomplished with a water-based coating com- 
position comprising 

(1) a self-emulsified polyurethane resin emulsion, 

15 (2) a resin which is either (i) a polymer of an oxazoline represented by formula (I): 
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wherein R 1 , R 2 , R 3 , and R 4 each represents a hydrogen atom, a halogen atom, an alkyl group, a phenyl 
group, or a substituted phenyl group; and R 5 represents a non-cyclic organic group having an addition- 
polymerizable unsaturated bond or (ii) a copolymer of the oxazoline and a monomer which is not reactive 
30 to an oxazoline group, and 

(3) a self-emulsif iable epoxy resin. 

The other object of the present invention can preferably be accomplished with a water-based coating com- 
position comprising 

(1) a self-emulsified polyurethane resin emulsion, 
35 (2) a resin which is either (i) a polymer of an oxazoline represented by formula (I): 
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wherein R\ R 2 , R 3 , and R 4 each represents a hydrogen atom, a halogen atom, an alkyl group, a phenyl 
group, or a substituted phenyl group and R 5 represents a non-cyclic organic group having an addition- 
polymerizable unsaturated bond or (ii) a copolymer of the oxazoline and a monomer which is not reactive 
to an oxazoline group, 
so (3) a self-emulsif iable epoxy resin, and 

(4) a melamine cyanurate (a) and/or an ingredient (b) which is (b-1) a water-dispersible silica or water- 
dispersible aluminum silicate or (b-2) a colloidal particle dispersion (hereinaft r called "colloidal partici 
dispersion") comprising mainly (i) a fumed silica or fumed aluminum silicat , (ii) a colloidizing agent (aid) 
which is at least one compound selected from the group consisting of a phosphoric acid compound, a mo- 
55 lybdic acid compound, a boric acid compound, and a silicic acid compound, and (iii) water. 



4 



EP0 611 095 A1 



DETAILED DESCRIPTION OF THE INVENTION 

The self-emulsified polyurethane resin emulsion (1) to be used in the present invention is one produced 
by dispersing or dissolving a polyurethane resin in water without using an emulsifying agent, which poiyur- 

5 ethane resin has been obtained from (a) a polyol such as a diol, a polyester polyol, or a polyether polyol and 
(b) an aromatic, aliphatic, or alicyclic diisocyanate and, if desired, (c) a chain extender. For dispersing or dis- 
solving the polyurethane resin in water without using an emulsifying agent, use can be made, for example, of 
(1) the method disclosed in JP-A-63-15816 and others in which method an ionic group such as sulfonyl or car- 
boxyi is incorporated into the polyurethane polymer either in a side chain or at a terminal thereof to impart a 

10 hydrophilic property to thereby disperse or dissolve the resulting polyurethane in water by means of self- 
emulsif teat ion, or (2) a method in which a water-soluble polyol such as poly(ethylene glycol) is used as part 
of the polyol ingredient which is one of the major starting materials for polyurethane to thereby produce a hy- 
drophilic polyurethane resin, which is then dispersed or dissolved in water. Since the self-emulsified polyur- 
ethane resin emulsion thus obtained contains no emulsifying agents, it has good dispersion stability and th 

15 resin has high internal cohesive force, so that a coated film free from coating defects and excellent in antico- 
rrosive property can be formed therefrom. 

The self-emulsified polyurethane resin emulsion to be used in the present invention, therefore, is not par- 
ticularly limited as long as it satisfies the above-described requirement. For example, polyurethane resin emul- 
sions produced by the method disclosed in JP-A-63-15816 and others can be used. However, the best suited 

20 is an anionic self-emulsif ied polyurethane resin emulsion obtained using a polycarbonate diol as a polyol com- 
ponent and preferably having a particle diameter of 1 ,000 nm or below. Specific examples thereof include NEO- 
TAN UE1101 (self-emulsified polycarbonate-based polyurethane emulsion) manufactured by Toagosei Chem- 
ical Industry Co.. Ltd., Japan; SUPER FLEX 100. SUPER FLEX 150 (both aqueous dispersion of a polyester- 
based urethane ionomer), and SUPER FLEX 460 (self-emulsified polycarbonate- based polyurethane emul- 

25 sion) manufactured by Dai-ichi Kogyo Seiyaku Co., Ltd., Japan; and HYDRAN AP-10 (aqueous dispersion of 
a polyester-based urethane ionomer) manufactured by Dainippon Ink & Chemicals, Inc., Japan. The chemical 
properties (nonvolatile content, pH, whether the resin type is polycarbonate-based or not, whether the ionicity 
is anionic or not, and number-average molecular weight (M n )) of those anionic self-emulsified polyurethane 
resin emulsions on the market are shown in Table 1 below. 

30 

Table 1 



40 



Kinds of resin 


Nonvolatile 
content (%) 


pH 


Resin type 


tonicity 


Number-average 
molecular weight 
(xlO 4 ) 


NEOTAN 
UE1101 


35 


7-8.5 


polycarbonate- based 


anionic 




SUPER FLEX 
100 


30 


8-10 


not polycarbonate- based 


anionic 


10-30 


SUPER FLEX 
150 


30 


8-10 


not polycarbonate-based 


anionic 


10-30 


SUPER FLEX 
460 


30 


7.5-9.5 


polycarbonate- based 


anionic 




HYDRAN AP-10 


29-31 


6-8 


not polycarbonate- based 


anionic 


10-30 



The resin (2) to be used in the present invention, which is either (i)a polymer of anoxazoline (a) represented 
by formula (I): 
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wherein R 1 f R 2 , R 3 , and R 4 each represents a hydrogen atom, a halogen atom, an alkyt group, a phenyl group, 
or a substituted phenyl group and R 5 represents a non-cyclic organic group having an addition-polymerizable 
unsaturated bond or (ii) a copolymer of the oxazoline (a) and a monomer (b) which is not reactive to an oxazoline 
group (hereinafter, the resins of these polymers are often collectively referred to simply as "oxazoline-con- 
taining polymer resin"), is not particularly limited as long as it is one produced by polymerizing the oxazoline 
(a), examples of which are given below, and if desired the monomer (b) by a conventionally known polymeri- 
zation method. Particularly preferably R 5 is a propenyl group. 

Examples of the oxazoline (a) for use in the present invention include 2-isopropenyl-2-oxazoline, 2-iso- 
propenyl-4-methyl-2-oxazoline, and 2-isopropenyl-5-methyl-2-oxazoline; at least one propenyloxazoline se- 
lected from these can be used. Of those oxazolines, 2-isopropenyl-2-oxazoline is preferred because it is easily 
available commercially. 

The amount (as solid content) of the oxazoline (a) to be used is not particularly limited, but it is preferably 
5 parts by weight or more (particularly from 10 to 90 parts by weight) per 100 parts by weight, on a solid basis, 
of the polymer or copolymer resin to be obtained. Use of the oxazoline in an amount of less than 5 parts by 
weight are undesirable because curing is insufficient and durability, water resistance, and other properties are 
tend to be impaired. 

The monomer (b) to be used in the present invention, which is not reactive to an oxazoline group, is not 
particularly limited as long as it is a monomer copolymerizable with the oxazoline (a). Examples thereof include 
(meth)acrylic acid esters such as methyl (meth)acrylate, butyl (meth)acryiate, and 2-ethylhexyl 
(meth)acrylate; unsaturated nitriles such as (meth)acrylonitrile; unsaturated * amides such as 
(meth)acrylamide and N-methylol(meth)acryl amide; vinyl esters such as vinyl acetate and vinyl propionate; 
vinyl ethers such as methyl vinyl ether and ethyl vinyl ether; a-olefins such as ethylene and propylene; a,0- 
unsaturated halogen compound monomers such as vinyl chloride, vinylidene chloride, and vinyl fluoride; and 
a,0-unsaturated aromatic monomers such as styrene and ct-methylstyrene. These can be used alone or as a 
mixture of two or more thereof. 

Although methods for polymerizing the oxazoline (a) and, if desired, the monomer (b) by a conventionally 
known polymerization technique to produce the oxazoline-containing polymer resin for use in the present in- 
vention are not particularly limited, the most preferred embodiment is emulsion polymerization from the stand- 
point of easiness of producing a water-based coating. 

In the emulsion polymerization, the desired polymer resin can be synthesized by the so-called monomer 
dropping method, multi-stage polymerization method, pre-emulsif ication method, or other method using a con- 
ventionally known polymerization catalyst, surfactant, etc. 

Usable examples of the oxazoline-containing polymer resin thus obtained include those described in JP- 
A-2-99537. More specifically. K-1010E or K-1020E (both being an emulsion of an oxazoline group-containing 
acrylic resin; nonvolatile content, 40%; pH, 8.5; number-average molecular weight, 100,000 or higher) each 
manufactured by Nippon Shokubai Co., Ltd., Japan may be used as it is. 

The self-emulsif iable epoxy resin (3) to be used in the present invention is an epoxy resin in the molecule 
of which segments stably having emulsifying and/or dispersing ability in water have been incorporated, and 
which is capable of being emulsified and/or dispersed into an aqueous medium without the aid of an emulsi- 
fying agent or the like. For example, an epoxy resin is made self-emulsifiable by incorporating a hydrophilic 
group th r into, or by incorporating an anionic group such as carboxyl or a cationic group such as amino, neu- 
tralizing the resulting anionic or cationic polymer with a base or an acid, respectively, to convert the polymer 
into a polymeric iectrolyte. Examples of the self-emulsifiable epoxy resin further include an epoxy mulsion 
produced by radical-polym rizing the s If-emulsif iable epoxy resin with a mixture of ethylenically unsaturated 
monomers including vinyl chloride in an aqueous medium. 

As the epoxy resin used in the production of the self-emulsifiable epoxy resin, use can be made, for ex- 
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ample, of a resin having two or more epoxide groups per molecule or a resin obtained by reacting the epoxy 
resin with a fatty acid, a dibasic acid, or bispheno) A, F, or B to completely or partly eliminate th epoxide groups. 
Of these, an epoxy resin obtained by condensing bisphenol A, F, or B or the like with an epihalohydrin in the 
presence of an alkaline catalyst is preferred because a water-based coating composition containing this epoxy 
5 resin gives a coated film excellent in physical strength, adhesion, chemical resistance, and other properties. 
The number-average molecular weight of the epoxy resin is usually 300 or higher, preferably 1 ,000 or higher. 

Examples of the fatty acid include vegetable-oil fatty acids such as dehydrated castor oil, soybean oil, 
cotton seed oil, safflower oil, tall oil, castor oil, coconut oil. and palm oil. Examples of the dibasic acid include 
a maleic acid and a fumaric acid. Those fatty acids may be used alone or as a mixture thereof and/or as a 
10 mixture with a dibasic acid. 

For the above-described modification of an epoxy resin, an acrylic resin is also usable, such as a copo- 
lymer of a monobasic unsaturated carboxyfic acid, e.g., acrylic acid or methacrylic acid and other monomer 
copolymerizable therewith. 

Examples of the copolymerizable monomer include alkyl (meth)acrylates, styrene-based monomers, hy- 
15 droxyl group-containing monomers, N-substituted (meth)acrytamides, oxirane group-containing monom rs, 
dialkyt maleates, dialkyl fumarates, and acrylonitrile. These may be used alone or in combination of two or 
more thereof. 

Although the self-emulsifiable epoxy resin is not particularly limited as long as it satisfies the requirement 
described hereinabove, it preferably is an anionic self-emulsifiable epoxy resin, which imparts excellent sta- 

20 bility to the coating composition. Specific examples of the preferred epoxy resin include such products on the 
market as DIC FINE EN-0270 (nonvolatile content, 20%; pH, 6-7) and DIC FINE EN-0280 both manufactured 
by Dainippon Ink & Chemicals, Inc., EPORSION manufactured by Kanebo NSC K.K., Japan, and HITALOID 
manufactured by Hitachi Chemical Co., Ltd., Japan. 

The proportion of the self-emulsified polyurethane resin emulsion and self-emulsifiable epoxy resin to be 

25 incorporated in the coating composition of the present invention is such that the amount of the self-emulsifiable 
epoxy resin is in the range of preferably from 5 to 50 parts by weight, more preferably from 5 to 40 parts by 
weight, per 100 parts by weight of the self-emulsified polyurethane resin emulsion on a solid basis. If th 
amount of the self-emulsifiable epoxy resin incorporated is less than 5 parts by weight, insufficient adhesion 
results. If the amount is more than 50 parts by weight, processability and formability are impaired, which is 

30 undesirable. 

The amount of the oxazoline-containing polymer resin (i.e., the polymer resin of the oxazoline or the co- 
polymer resin of the oxazoline and the monomer) to be incorporated in the coating composition of the present 
invention is in the range of preferably from 1 to 50 parts by weight, more preferably from 5 to 20 parts by weight, 
per 100 parts by weight of the total amount of the self-emulsified polyurethane resin emulsion and the self- 
35 emulsif iable epoxy resin on a solid basis. If the amount of the oxazoline-containing polymer resin incorporated 
is less than 1 part by weight, the coating composition cures insufficiently to have impaired anticorrosive prop- 
erties, tf the amount is more than 50 parts by weight, adhesion to substrates is impaired, which is undesirable. 

In a preferred embodiment of the present invention, the water-based coating composition further contains, 
besides the components described above, (4) a melamine cyanurate compound (a) and/or an ingredient (b) 
40 which is (b-1 ) a water-dispersible silica or water-dispersible aluminum silicate or (b-2) a colloidal particle dis- 
persion comprising mainly (i) a fumed silica or fumed aluminum silicate, (ii) a colloid izing agent (aid) which is 
at least one compound selected from the group consisting of a phosphoric acid compound, a molybdic acid 
compound, a boric acid compound, and a silicic acid compound, and (iii) water. 

It is preferable that a melamine cyanurate compound having a plane structure containing an isocyanuric 
45 ring be incorporated into the water-based coating composition of the present invention. When this coating com- 
position is used for producing a precoated rust-proof steel sheet having a thin coated film, this compound im- 
parts electrodeposition suitability required for electrodeposition coating and overcomes the unbalance among 
coated film performances which has accompanied conventional techniques. 

The amount of the melamine cyanurate compound contained in the water-based coating composition is 
so in the range of preferably from 0.05 to 25 parts by weight, more preferably from 0.5 to 6 parts by weight, per 
100 parts by weight of the solid components of the composition. 

The melamine cyanurate compound for use in the present invention is a compound represented by the 
following chemical formula 

(CeHaNgOaJn 

55 and, specifically, is an quimolar addition compound of 2,4,6-triamino-1,3,5-triazine (hereinafter refer r d to 
as m lamine) with 2,4,6-trihydroxy-1 ,3,5-triazine (h r inaf t r refer r d to as cyanuric acid) and/or its tautomer. 
It is presumed that, in a solid state, melamin mo! ecu I s and cyanuric acid molecules are alter n at ly linked to 
ach other through w ak hydrogen bonds to form a crystal having a plane structure as illustrated below. 
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20 

•= carbon, G= nitrogen, ©= oxygen, •= hydrogen 

It is also presumed that the stereostructure is a stacked-plane structure having a constant plane spacing, 
25 i.e., the so-called graphite-type structure, as illustrated below. 



30 



35 



40 




45 

In the two illustrations given above, C represents a cyanuric acid molecule and M represents a melamine 
molecule. 

The melamine cyanurate compound can be obtained by the process described in U.S. Patent 4,180,496 
(corresponding to JP-B-60-33850). (The term "JP-B" as used herein means an "examined Japanese patent 

50 publication".) The compound is on the market as MC series (MC-FW, MC-PW, MC-BW, MC-UW, MC-420, MC- 
520, MC-600, etc.), which are manufactured by Nissan Chemical Industries, Ltd. Although the technique of 
incorporating a melamine cyanurate into a clear layer in the metallic coating of an automotive body or other 
substrate to produce a p arly luster Hk mica coating has been w II known, this technique is entir ly different 
from th pr s nt inv ntion in function and effect. 

55 This melamine cyanurate compound is so stabl that it has good resistance to acids and alkalis and un- 

dergo s no chemical chang in a pH range of from 1 to 14. This means that the water-based coating compo- 
sition of the pres ntinv ntion which contains the melamine cyanurat compound has th effect of preventing 
the base m tal/coating interface from having impaired adhesion due to lectrical load in cat ionic electrode- 
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position, during which the substrate for the electrodeposited film is exposed to a pH of about 12. 

Th melamine cyanurate compound is only sparingly soluble in water and is heat-r sistant. It is insoluble 
also in organic solvents for ordinary coating use; its solubility in dimethyl sulfoxide is as low as 0.011 g/100ml 
at70°C. This means that the compound does not dissolve into the water infiltrated into the coated film during 

5 elect rodepos it ion coating and hence does not inhibit the electrodeposition. 

The water-dispersible silica or water-dispersible aluminum silicate (b~1)to be used in the present invention 
(hereinafter also referred to simply as "water-dispersible silica or the like") is a so-called colloidal silica or col- 
loidal aluminum silicate, with the preferred range of the colloidal particle diameter being from 100 to 250 nm, 
especially from 150 to 250 nm. Known water-dispersible silicas or aluminum silicates usually supplied as an 

10 aqueous dispersion can be used as they are. Representative examples of such aqueous dispersions are 
SNOWTEX (trade name) manufactured by Nissan Chemical Industries, Ltd. The amount of the water-disper- 
sible silica or the like to be incorporated is in the range of from 5 to 120 parts by weight, preferably from 20 
to 100 parts by weight, per 100 parts by weight of the resins contained in the water- based coating composition. 
If the amount thereof is less than 5 parts by weight, the coating composition is poor in adhesion to substrat s, 

15 e.g., steel substrates, and in the property of protecting the substrates against corrosion. On the other hand, 
if the amount thereof is more than 120 parts by weight, mechanical strength is impaired. 

With respect to the relationship between the particle diameter of the water-dispersible silica or the like 
and the amount thereof to be incorporated is as follows. When the water-dispersible silica or the like has a 
particle diameter of from 100 to 150 nm, the adequate range of the amount thereof to be incorporated is from 

20 20 to 60 parts by weight per 100 parts by weight of the resin solid components on a solid basis. When it has 
a particle diameter of from 150 to 250 nm, the adequate range of the amount thereof is from 40 to 100 parts 
by weight per 100 parts by weight of the resin solid components on a solid basis. Thus, when the water-dis- 
persible silica or the like to be used has a relatively large particle diameter, the adequate amount thereof is 
larger increased. 

25 The colloidal particle dispersion (b-2) preferably used in the present invention comprises mainly (i) a fumed 

silica or fumed aluminum silicate, (ii) a colloidizing agent (aid) which is at least one compound selected from 
the group consisting of a phosphoric acid compound, a molybdic acid compound, a boric acid compound, and 
a silicic acid compound, and (iii) water. 

The fumed silica or fumed aluminum silicate, as a major component of the colloidal particle dispersion, 
30 is not particularly limited as long as it is one produced by the fuming process. However, since the incorporation 
of a high-purity silica or aluminum silicate is preferred for the prevention of the permeation of chlorine ions 
through film in a corrosive atmosphere (for example 5% aqueous sodium chloride solution), it is preferable 
that the fumed silica or aluminum silicate be a high-purity one containing no impurity ions. Particularly, a high- 
purity aluminum silicate is preferred. 
35 Preferred examples of the fumed silica include AEROSIL 200, AEROSIL 300, and AEROSIL 380, all man- 

ufactured by Nippon Aerosil K.K. Preferred examples of the fumed aluminum silicate include AEROSIL 
MOX170, AEROSIL MOX80, and AEROSIL COK84, all manufactured by Nippon Aerosil K.K. Of these, AERO- 
SIL MOX1 70 which is an aluminum silicate is advantageous over AEROSIL 200 which is a silica alone, because 
the former AEROSILs can be more efficiently colloidized and the colloidal particle dispersions produced there- 
to from do not gel even when any of the polyacids or the like which will be described later was used as the col- 
loidizing agent (aid). 

The amount of the fumed silica or fumed aluminum silicate to be incorporated is preferably from 50 to 200 
parts by weight, more preferably from 1 00 to 1 50 parts by weight, per 1 ,000 parts by weight of the total amount 
of water and the fumed silica or fumed aluminum silicate. Incorporated amounts of less than 50 parts by weight 
45 are undesirable in that not only the colloidal particles obtained are apt to reaggregate, but also a water-based 
coating composition containing the colloidal particles gives a coated film having impaired anticorrosive prop- 
erties. Incorporated amounts of more than 200 parts by weight are undesirable in that a water-based coating 
composition containing the colloidal particles obtained tends to give a coated film having impaired anticorro- 
sive properties. 

50 The colloidizing agent (aid) as another major component of the colloidal particle dispersion is not partic- 

ularly limited as long as it is a compound which forms large anions in an aqueous solution. Examples thereof 
include phosphoric acid compounds such as condensed phosphoric acids, e.g., pyrophosphoric acid, tripoly- 
phosphoric acid, tetrapolyphosphoric acid, pentapolyphosphoric acid, hexapolyphosphoric acid, heptapoly- 
phosph ric acid, octa poly phosphoric acid, nonapolyphosphoric acid, decapoly phosphoric acid, metaphospho- 

55 ric acid, trimetaphosphoric add, h xam taphosphoric acid, and ultrapolyphosphoric acid, and the ammonium 
salts of th se acids. 

Pref rred of thes are m taphosphoric acid, hexam taphosphoric acid, and the ammonium salts thereof. 
Although the alkali metal salts and alkaline earth metal salts of those phosphoric acid compounds also 
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exist, the inclusion of metal ions into the colloidal part icle dispersion produces a fatal effect on the anticorrosive 
properties of a coated film to be formed from a water-based coating composition containing the dispersion. 
That is, the presence of metal ions in a coated film accelerates the permeation of halogen ions (C\~) through 
the film in a corrosive atmosphere and deprives the cation exchange ability of the silica and, as a result, the 
anticorrosive properties are considerably reduced. For this reason, use of an alkali metal salt or an alkaline 
earth metal salt is undesirable. 

Besides the phosphoric acid compounds, examples of the colloidizing agent (aid) further include molybdic 
acid compounds such as ammonium molybdate tetrahydrate, boric acid compounds such as ammonium pen- 
taborate and metaboric acid, and silicic acid compounds such as orthosilicic acid and metasilicic acid. How- 
ever, since the silicic acids are only slightly soluble in water, they should be used after being dissolved in an 
ammoniacal alkaline solution. Further, although a sulfur-containing anion is chemically active in an oxidation- 
reduction reaction, it is also usable as a colloidizing agent (aid). 

As examples of the colloidizing agent (aid), polyacids and ammonium salts thereof were enumerated above 
which form large anions in an aqueous solution. With respect to part of those compounds, the chemical struc- 
tures are shown in Ex. 1 to Ex. 5 below. 

Ex. 1 Tetrametaphosphoric acid (HP0 3 ) 4 , forming a cyclic anion. 
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Ex. 2 Polyphosphoric acid (H^PrAjn+i), forming a chain anion. 
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Ex. 3 Trimetaboric acid (HB0 2 )3, forming a cyclic anion. 
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Ex. 4 Hexametaboric acid (HB0 2 ) 6 , forming a chain anion. 
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Ex. 5 Orthosilicic acid (H 2 Si0 4 ), forming a cyclic anion (orthosilicic acid in aqueous solution is present in 
the form of a tetramer). 
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The cdloidizing agent (aid) described above thus forms large anions in an aqueous solution and thereby 
is an effective means for effectively cutting hydrogen bonds of the above-described fumed silica or fumed 
aluminum silicate (e.g., AEROSIL 300) having a silanol group density of from 3 to 6 per nm 2 to obtain the finely 
divided particl s. Since th anions are adsorbed onto silanol groups f the fumed silica or aluminum silicate, 
th finely divided colloidal particl s can be prevented from reaggregating due to electrical rep II ncy among 
the adsorbed anions. Use of monovalent anions is undesirable because a monovalent anion acts on only one 
silanol group and is hence not so ffective in converting coarse aggregates, consisting f primary particles 
linked into chains by th formation of many hydrogen bonds, into finer colloidal particles (aggregated partic- 
Is). 
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The amount of the colloidizing agent (aid) to be added is not particularly limited, and may be varied ac- 
cording to the desired particle diameter of the colloidal part icles to be obtained. For example, in the case where 
colloidal particles having a particle diameter of 500 nm or less are to be produced, the colloidizing agent (aid) 
is added in an amount in the range of preferably from 2x1 Ch 4 to 2x1 0° mol, more preferably from 2x1 0~ 3 to 2x1 0~ 2 
5 mol, per mol of the silica or aluminum silicate. If the amount of the colloidizing agent (aid) added is less than 
2x10 4 mol, the colloidal particles obtained disadvantageous^ aggregate readily and return to coarser partic- 
les of a network structure. If the amount thereof is more than 2x10° mol, a water-based coating composition 
containing the colloidal particles obtained tends to disadvantageously give a coated film having impaired anti- 
corrosive properties. 

10 The water as still another major component of the colloidal particle dispersion preferably is one having a 

low impurity content, such as, for example, ion-exchanged water or pure water. 

The amount of the water to be incorporated is preferably from 800 to 950 parts by weight, and more pre- 
ferably from 850 to 900 parts by weight, per 1,000 parts by weight of the total amount of the water and the 
fumed silica or fumed aluminum silicate. 

is Although the colloidal particle dispersion of the present invention contains the above-described major 

components, i.e., fumed silica or fumed aluminum silicate, a colloidizing agent (aid) which is at least one com- 
pound selected from the group consisting of a phosphoric acid compound, a molybdic acid compound, a boric 
acid compound, and a silicic acid compound, and water, optional ingredients including a thickening agent may 
be suitably added if desired. 

20 Methods for producing the colloidal particle dispersion comprising the above-described components are 

not particularly limited. However, since the recently popular method for producing a colloidal particle having 
good long-term stability by incorporating a core-shell type water- based emulsion (resin) is defective in that 
the emulsion may be destroyed by stirring shear, it is desirable to produce the colloid using a weak stirring 
force, more preferably without incorporating the emulsion. In an example of such preferred method, an aqueous 

25 solution containing fumed silica is stirred to form coarse aggregates and a poly acid solution (colloidizing agent 
(aid)) is then added thereto with further stirring to thereby effectively destroy hydrogen bonds of the coarse 
aggregates and convert the aggregates into colloidal particles (aggregated particles) having a smaller particle 
diameter. In this method, the anions of the water-soluble colloidizing agent (aid) are adsorbed onto the hydro- 
gen atoms of silanol groups and the colloidal particles formed constitute a stable colloid due to electrical re- 

30 pellency among the adsorbed anions. Consequently, the colloidal particles return to neither coarse aggregates 
nor particles of a network structure even when allowed to stand. 

By controlling the amount of the colloidizing agent (aid) to be added or by controlling other conditions, the 
colloidal particles to be thus obtained can have the desired particle diameter. For example, in the case where 
the colloid is to be used as an ingredient for a water-based coating composition for forming the organic coated 

35 film of a highly corrosion-resistant precoated steel sheet, the desired colloidal particle diameter is preferably 
in the range of 500 nm or less, more preferably in the range of from 150 to 250 nm, and most preferably in the 
range of from 150 to 200 nm. 

The incorporation of the colloidal particle dispersion (b-2) into a water-based coating composition is con- 
ducted either during the production of the coating composition (premixing) or afterthe completion of the pro- 

40 duct ion (post-mixing). The amount thereof is in the range of generally from 1 5 to 60 parts by weight, preferably 
from 20 to 40 parts by weight, per 100 parts by weight of the resin solid components of the water-based coating 
composition on a solid basis. If the amount of the colloidal particles incorporated is less than 15 parts by weight, 
poor anticorros'ive properties result. Amounts thereof exceeding 60 parts by weight are undesirable because 
the viscosity of the water-based coating composition becomes so high that diff iculties are encountered in the 

45 production process, and because a roping phenomenon occurs due to the excessive pickup of the composition, 
resulting in the necessity of dilution. 

For incorporating the colloidal particle dispersion into the water-based coating composition, a dispersion 
mixer such as a ball mill, sand-grinding mill, or dissolver is used. 

The water-based coating composition of the present invention particularly preferably contains a polycar- 

50 bonate diol as the self-emulsified polyurethane resin emulsion (1) and 2-isopropenyl-2-oxazoline as the oxa- 
zoline containing polymer resin (2). 

If desired the pigments and additives which will be mentioned below and other ingredients can be incor- 
porated as optional ingredients into the water-based coating composition of the present invention. 

For applications wher antioorrosive prop rti sar specially important to the coating composition of this 

55 invention, a rust-pr vent ive pigment can b used. Exampl softh rust-preventive pigm nt include chroma te- 
typ rust-pr v ntive pigm nts such as strontium chromate, I ad chromate, barium chromat , and calcium 
chromate. However, the rust-preventiv pigments that can be used in the present invention are not limited to 
these examples and other rust-preventive pigments are also usable. The amount of the rust-preventiv pig- 
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ment to be incorporated is pref rably in the range of from 1 to 50 parts by weight (phr) per 100 parts by weight 
of th resin solid components on a solid basis. A coloring pigment may be used to color the coating composition 
for the purpose of imparting an attractive appearance, enabling easier discrimination between the front and 
back side, or improving hiding power. Examples of the coloring pigment include titanium oxide (white pigment), 
5 carbon black, graphite (black pigment), red iron oxide pigments, quinacridones (red pigment), phthalocyanine 
blue (blue pigment), phthalocyanine green (green pigment), benzimidazoie pigments, and yellow iron oxide 
(yellow pigment). 

Besides the coloring pigment described above, an extender pigment is also usable in this invention. Ex- 
amples thereof include calcium carbonate, gypsum, clay, and talc. 
10 To the water-based coating composition, which contains water as a medium for the components described 

above, a water-soluble organic solvent such as an alcohol or an ether may be added if desired for various pur- 
poses such as adjusting the viscosity of the water- based composition, anti-foaming, decreasing the surface 
tension to enhance the substrate-wetting ability, and lowering the freezing point. It is preferable that the water- 
based coating composition of the present invention be regulated to have a solid content in the range of from 
15 15 to 50% by weight at the time of the production of the composition and in the range of from 5 to 40% by 
weight at the time of coating. 

The amount of the organic solvent to be added is generally 20% by weight or below, preferably in the range 
of from 5 to 15% by weight, based on the amount of the water- based coating composition. If the amount thereof 
is more than 20% by weight, a lower flash point results and the properties characteristic of a water-based coat- 
20 ing composition are impaired, which are undesirable. 

In the water-based coating composition of the present invention, particularly preferably the solid/solvent 
ratio is (15 to 50)/(85 to 50). 

Examples of the alcohol-type water-soluble organic solvent include polyhydric alcohols such as ethylene 
glycol and propylene glycol. Such polyhydric alcohols not only are excellent in the property of not adversely 
25 affecting the stability of the copolymer resin dispersion and water-dispersible silica, but serve as an effective 
diluent which improves storage stability and lowers the freezing point. As the ether-type water-soluble organic 
solvent, Cellosolve, butyl Cellosolve, or the like can be used, of which butyl Cellosolve is particularly effective 
because it has a high defoaming effect. However, since these Cellosolves and some monohydric alcohols such 
as n-butanol and isopropyl alcohol may impair the stability of the water-dispersible silica to cause aggregation 
30 and thus impair storage stability, it is important that these solvents should be used in a proper amount. 

Examples of additives that are usable in this invention include anti-foaming agents, leveling agents, craw- 
ing (cissing) inhibitors, gloss improver, suspending agents, wetting agents (surfactants), lubricants, antisep- 
tics, and mildew-proofing agents. 

Of the above ingredients, the amount of the pigment to be incorporated in the water-based coating corrv 
35 position is preferably regulated in the range of from 0.5 to 30 parts by weight per 100 parts by weight of the 
resin solid components of the composition. 

For mixing the ingredients, a device ordinarily used for the production of coating compositions is employed 
such as a ball mill, sand-grinding mill, or dissolves Water is used as the medium to adjust the viscosity. Along 
with the water, a hydrophilic organic solvent can be used in such an amount as not to destroy the emulsion. 
40 Methods for applying the water-based coating composition are not particularly limited, and use can be 

made of ordinary coating techniques such as roll coating, dip coating, shower coating, brushing, and dip spin 
coating. In the case where the precision of coating thickness, smoothness of coating surface, or the like is 
especially desired, it is preferred to employ such a coating technique as gravure coating, roll coating, curtain 
coating, bar coating, or offset gravure coating. 
45 The thickness of the coated film (on a dry basis, hereinafter the term "thickness" means dry film thickness) 

formed from the water-based coating composition varies depending on use method and others, but it is in the 
range of usually from 0.5 to 20 urn, preferably from 1 to 10 um 

Baking conditions for the water-based coating composition are not particularly limited, but it is preferred 
that the coating composition applied be baked under conditions of a maximum temperature of from 140 to 
so 200°C and an oven-pass time of from 20 to 60 seconds. 

As the metal sheet substrate to be coated, any of various steel sheets can be used. It is, however, advan- 
tageous that before the substrate is coated, it should be subjected to a pretreatment in order to make the sub- 
strate rust-proof and to improve the adhesion of the coating composition. Generally employed as the pretreat- 
ment is a degreasing tr atment such as washing with an acid or alkali. In another pretreatm nt, such a de- 
55 greasing treatment is followed by a ch mical treatment using a chemical solution such as a phosphate or chro- 
mat solution. In particular, it is known that by conducting such pretreatments in series, coated films xcellent 
in both adhesion and rust- preventive prop rty can b formed stably. 

The water-based coating composition of the pr s nt invention is th n applied, which may be conducted, 
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for example, by the double-coating method in which the water-based coating composition of the present in- 
vention is applied as undercoating on the pretreated substrate and topcoating is then performed if desired. 
The undercoating serves to protect the substrate against corrosion and imparts adhesion to the metal sheet 
surface, the film deposited by surface treatment, and a topcoated film. The water-based coating composition 
5 of the present invention can be also used by the single-coating method in which the coating composition is 
applied as a rust-preventive treatment on the pretreated substrate, the resulting coated film may be coated 
with an electrodeposition coat, further followed by an intermediate-coating and/or topcoating if desired. 

The present invention will be explained below in more detail by reference to the following examples, but 
the invention is not construed as being limited thereto. 

10 

EXAMPLE 1 

A water-based coating composition was first prepared by mixing the self-emulsified polyurethane resin 
emulsion NEOTAN UE1101 (manufactured by Toagosei Chemical Industry Co., Ltd. (the same applies here- 
15 inafter)), the self-emulsif iable epoxy resin, DIC FINE EN-0270 (manufactured by Dainippon Ink & Chemicals, 
Inc. (the same applies hereinafter)), the propenyloxazoline-containing polymer resin K-1010E (manufactured 
by Nippon Shokubai Co., Ltd. (the same applies hereinafter)), and the water-dispersible silica, SNOWTEX N 
(manufactured by Nissan Chemical Industries, Ltd. (the same applied hereinafter)) in a weight ratio of 95/5/5/25 
on a solid basis. 

20 Subsequently, a steel sheet (EG) electroplated with zinc-nickel (sheet thickness: 0.4 mm) to be used as 

a coating substrate was cleansed with an alkali degreasing agent, rinsed with water, and dried. The resulting 
steel sheet was coated by a roll coating method with the treating chromate solution described below to form 
a film in an amount of 60 mg/m 2 . Thus, a treated steel sheet was prepared. As the treating chromate solution, 
use was made of a solution obtained by adding zinc chromate (15 g in terms of the amount of chromium metal) 
25 and poly(acrylic acid) (JURYMER AC-10L; manufactured by Nippon Junyaku Co., Ltd., Japan; 10 g on a solid 
basis) to water in such an amount that the total volume became 1 liter, and then dispersing the solid ingredients 
into the water with a paint shaker for 1 hour. The water-based coating composition obtained above was applied 
with a bar coater, and baking was then conducted under conditions of a maximum temperature of 150°C and 
an oven-pass time of 20 seconds to obtain a test piece (A) having an organic coated film with a coated film 
.30 thickness of 1 .0 ^m. v 

The test piece (A) was subjected to a corrosion resistance test (1 ). The test piece (A) was electrode posi- 
tion-coated with the cationic electrodeposition coating composition POWERTOP U-53 (manufactured by Nip- 
pon Paint Co., Ltd.) for 2 minutes and 30 seconds under conditions of an electrodeposition voltage of 200 V 
after 30-second pressure increase. Baking was then conducted at 170°C for 20 minutes to obtain a test piece 
35 (A-1 ) having an electrodeposited film with a film thickness of 20 urn. The obtained test piece (A-1) was eval- 
uated with the following tests. 

(A) Examination of Electrodeposited film for Film State: 

Each electrodeposited film was examined for film state. The results obtained are shown in Table 2. 
The film states for the electrodeposited films were expressed by the following -symbols. 
40 E: Excellent (the same film appearance as that of cold-rolled steel sheet directly or of cold-rolled 

steel sheet treated with zinc phosphate directly was obtained.) 
G: slight surface roughening was observed 
M: moderate surface roughening was observed 

B: considerable surface roughening with gas-caused pinholes was observed 

45 (B) Warm Saline Solution Immersion Test for Electrodeposited film: 

Each electrodeposited film was crosswise incised at a depth reaching the steel substrate, and the 
resulting test piece was immersed for 10 days (240 hours) in 5 wt% aqueous NaCI solution warmed at 
55°C. Thereafter, the test piece was taken out and dried. A 2.4 cm-wide pressure-sensitive cellophane tape 
was applied to the crosswise incised part and then stripped. The resulting peeled state of the electrode- 

50 posited film was evaluated by measuring the distance (mm) from the crosswise incised part over which 

distance the film had peeled off. The results obtained are shown in Table 2. Each found value indicates 
th maximum peel distanc for both sides of the crosswise incised part. 
(C) Warm Water Immersion Test for Electrodeposited film: 

Each electrodeposited f ilm was crosshatch-wis incised at an interval of 1 mm at a depth reaching 

55 the steel substrate to make 100 squar s, and th resulting test pi ce was immersed in 50°C warm water 

for 20 days (480 hours). Thereafter, the test pi ce was taken out and dried. A 2.4 cm-wide pressure-sen- 
sitive cellophane tape was appli d to the crosshatch-wise incised part and then stripped. The resulting 
p eled state of the lectrodeposited film was evaluated in terms of the number of remaining squares. Th 
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numerator indicates the number of remaining squares; "100/100" means that no peeling occurred and the 
test piece was good in resistance to warm water immersion, while "0/1 00" means that all the squares had 
peeled off. The results obtained are shown in Table 2. 
(D) Weldability Test: 

Each test piece was subjected to 5,000-spot welding using a single-spot welder under welding con- 
ditions of a welding current of 9,000 A, electrode pressure of 200 kg, electrode diameter of 5 mm, weld 
time of 10 cycles. The state of the welds was examined and the nugget was also examined for smearing. 
The results obtained are shown in Table 2. The state of welds and the nugget smearing are expressed by 
the following symbols. 
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Nugget Smearing 




G: no abnormality 


no smearing 


15 


M: slightly warped 


slight smearing 


P: insufficient in welding depth 

-: unable to be welded (or unwelded) 


considerable smearing 
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The test piece (A-1) was further subjected to intermediate-coating using "ORGATO 4825 White Color 
Sealer" as the intermediate-coating paint. After the resulting test piece was allowed to stand for 10 minutes, 
baking was conducted at 140°C for 20 minutes to obtain a test piece having an intermediate-coated film 
with a dry thickness of 40 urn. 

The resulting test piece was coated with "ORGATO 4640UF Clear White" as a topcoating paint After 
the coated test piece was allowed to stand for 1 0 minutes, baking was conducted at 140°C for 20 minutes 
to obtain a test piece (B) having a topcoated film with a dry thickness of 40 urn 

The test piece (B) obtained was subjected to a recoating suitability test. 

(E) Corrosion Resistance Test (1) (Cycle Test; 100 cycles and 200 cycles): 

(i) Saline Solution Spraying: The test piece was sprayed over a period of 4 hours with 5% NaCI solution 
warmed at 35°C. 

(ii) Drying: The test piece sprayed with saline solution was then dried at 60°C for 2 hours. 

(iii) Moistening: The dry test piece was then placed for 2 hours in a moist atmosphere having a humidity 
of 95% or higher and a temperature of 50°C. 

Conducting the above treatments (i) to (iii) once was regarded as one cycle (the time required: 8 
hours), and the treatments were repeated until 100 cycles and 200 cycles. In this cycle test, the results 
were evaluated based on the following criteria: when the test piece had not generated a white rust on th 
surface thereof, it was rated as G; when the proportion of the surface which had generated a white rust 
was less than 30%, the test piece was rated as M, provided that that proportion for a test piece in which 
the whole surface had generated a white rust was 100%; and when that proportion was 50% or above, 
the test piece was rated as B. The results obtained are shown in Table 2. 

(F) Re-coating Suitability Test (evaluated after warm- water immersion in terms of secondary bondability): 

The test piece after coating was allowed to stand at room temperature for 24 hours, subsequently 
immersed in 40°C deionized water for 1 0 days, and then allowed to stand at room temperature for 4 hours. 
In accordance with JIS-K-5400, the coating of the resulting test piece was Crosshatch- wise incised at an 
interval of 2 mm with a sharp cutter knife to form 11 parallel incisions in each of the two perpendicular 
directions to thereby form 100 2-mm-squares partitioned by the incisions. A pressure-sensitive cellophan 
tape was applied to the incised coating surface and then stripped. The test piece was then evaluated by 
counting the coated film squares remaining on the test piece. Symbol G indicates that no peeling occurred 
and the test piece was good in secondary bondability, M indicates that the number of the squares remain- 
ing unp el d was I ss than 50% of the total number, and B indicates that th number of the squares re- 
maining unpe led was not less than 50% of th total number. The results obtain d ar shown in Table 2. 



EXAMPLE 2 



55 An organic coat d film, electrodeposit d film, intermediat -coated film, and topcoated film w re formed 

on a substrate in th same mann r as in Example 1 xc pt that a water-based coating composition was pre- 
pared by mixing th self-emulsified polyur than resin mulsion, UE1101, th self-emulsif table poxy resin, 
HITALOID 7800J-21 (manufactured by Hitachi Chemical Co., Ltd. (the same applies h reinafter)), the prope- 
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nyloxazoline-containing polymer resin, K-1010E, and the water-dispersible silica, SNOWTEX N in a weight ra- 
tio of 75/25/20/25 on a solid basis. Thus, the desired test piece was obtained. 

The test piece obtained was subjected to the same test in the same manner as in Example 1. The results 
obtained in each test are shown in Table 2. 

5 

EXAMPLE 3 

An organic coated film, elect rode posited film, intermediate-coated film, and topcoated film were formed 
on a substrate in the same manner as in Example 1 except that a water-based coating composition was pre- 
10 pared by mixing the self-emulsified polyurethane resin emulsion, SUPER FLEX 100 (manufactured by Dai- 
ichi Kogyo Seiyaku Co., Ltd. (the same applies hereinafter)), the self-emulsifiable epoxy resin, HITALOID 
7800J-21, the propenyloxazoline-containing polymer resin, K-1010E, and the water-dispersible silica SNOW- 
TEX N in a weight ratio of 75/40/20/25 on a solid basis. Thus, the desired test piece was obtained. 

The test piece obtained was subjected to the same test in the same manner as in Example 1. The results 
15 obtained in each test are shown in Table 2. 

EXAMPLE 4 

An organic coated film, electrodeposited film, intermediate-coated film, and topcoated film were formed 
20 on a substrate in the same manner as in Example 1 except that a water-based coating composition was pre- 
pared by mixing the self-emulsified polyurethane resin emulsion, HYDRAN AP-1 0 (manufactured by Dainippon 
Ink & Chemicals, Inc. (the same applies hereinafter)), the self-emulsifiable epoxy resin, DIC FINE EN-0280 
(manufactured by Dainippon Ink & Chemicals, Inc. (the same applies hereinafter)), the propenyloxazoline-con- 
taining polymer resin, K-1020E (manufactured by Nippon Shokubai Co., Ltd. (the same applies hereinafter)), 
25 the water-dispersible silica, SNOWTEX N, and the pigment, CM-25P (manufactured by Nippon Bengara Kogyo 
Co., Ltd., Japan (the same applies hereinafter)) in a weight ratio of 75/25/30/25/7.5 on a solid basis. Thus, the 
desired test piece was obtained. 

The test piece obtained was subjected to the same test in the same manner as in Example 1. The results 
obtained in each test are shown in Table 2. 

EXAMPLE 5 

An organic coated film, electrodeposited film, intermediate-coated film, and topcoated film were formed 
on a substrate in the same manner as in Example 1 except that a water-based coating composition was pre- 
35 pared by mixing the self-emulsified polyurethane resin emulsion, UE1101, the self-emulsifiable epoxy resin, 
DIC FINE EN-0280, the propenyloxazoline-containing polymer resin, K-1020E, and the water-dispersible sil- 
ica, SNOWTEX Nina weight ratio of 69/31/50/25 on a solid basis. Thus, the desired test piece was obtained. 

The test piece obtained was subjected to the same test in the same manner as in Example 1. The results 
obtained in each test are shown in Table 2. 

40 

EXAMPLE 6 

An organic coated film! electrodeposited film, intermediate-coated film, and topcoated film were formed 
on a substrate in the same manner as in Example 1 except that a water-based coating composition was pre- 
45 pared by mixing the self-emulsified polyurethane resin emulsion, UE1101, the self-emulsifiable epoxy resin, 
EPOMIK KR-617 (manufactured by Mitsui Petrochemical Industries, Ltd., Japan), the propenyloxazoline-con- 
taining polymer resin, K-1020E, and the water-dispersible silica, SNOWTEX N in a weight ratio of 69/31/20/25 
on a solid basis. Thus, the desired test piece was obtained. 

The test piece obtained was subjected to the same test in the same manner as in Example 1 . The results 
so obtained in each test are shown in Table 2. 

EXAMPLE 7 

An organic coated film, el ctrodeposit d film, intermediate-coated film, and topcoated film were formed 
55 on a substrate in the same mann r as in Example 1 except that a water-based coating composition was pre- 
pared by mixing the s If-emulsified polyurethane r sin mulsion, UE1101, the self-emulsifiable poxy resin, 
DIC FINE EN-0270, the propenyloxazoline-containing polymer resin, K-1020E, the water-dispersible silica, 
SNOWTEX N, and a melamine cyanurate (MC-600, manufactured by Nissan Chemical Industries, Ltd. (the 
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same applies hereinafter)) in a weight ratio of 75/25/20/25/3 on a solid basis. Thus, the desired test piece was 
obtained. 

The test piece obtained was subjected to the same test in the same manner as in Example 1. The results 
obtained in each test are shown in Table 2. 

5 

EXAMPLE 8 

An organic coated film, electrodeposited film, intermediate-coated film, and topcoated film were formed 
on a substrate in the same manner as in Example 1 except that a water-based coating composition was pre- 

10 pared by mixing the self-emulsified polyurethane resin emulsion, SUPER FLEX 100, the self-emulsifiable 
epoxy resin, HITALOID 7800J-21, the propenyloxazoline-containing polymer resin, K-1010E, and the colloidal 
silica particle dispersion as described below in a weight ratio of 75/25/20/25 on a solid basis. The silica dis- 
persion was one obtained by adding a fumed silica (AEROSIL 300) to ion-exchanged water with stirring (2,000 
rpm), dropwise adding metaboric acid thereto in such an amount that the proportion of ion-exchanged water- 

15 /fumed silica/meta boric acid was (870 parts by weight)/(130 parts by weight)/(4x10~ 3 mol), and then furth r 
stirring the mixture for 30 minutes under the same stirring conditions. Thus, the desired test piece was ob- 
tained. 

The test piece obtained was subjected to the same test in the same manner as in Example 1 . The results 
obtained in each test are shown in Table 2. 

20 

EXAMPLE 9 

An organic coated film, electrodeposited film, intermediate-coated film, and topcoated film were formed 
on a substrate in the same manner as in Example 1 except that a water-based coating composition was pre- 

25 pared by mixing the self-emulsified polyurethane resin emulsion, UE1101, the self-emulsifiable epoxy resin. 
DIC FINE EN-0270, the propenyloxazoline-containing polymer resin, K-1020E, and the colloidal aluminum sil- 
icate particle dispersion as described below in a weight ratio of 95/5/15/25 on a solid basis. The aluminum 
silicate dispersion was one obtained by adding a fumed aluminum silicate (AEROSIL MOX 170) to ion-ex- 
changed water with stirring (2,000 rpm), dropwise adding metaboric acid thereto in such an amount that the 

30 proportion of ion-exchanged water/fumed aluminum silicate/metaboric acid was (870 parts by weight)/(130 
parts by weight)/(4x10~ 3 mol), and then further stirring the mixture for 30 minutes under the same stirring con- 
ditions. Thus, the desired test piece was obtained. 

The test piece obtained was subjected to the same test in the same manner as in Example 1. The results 
obtained in each test are shown in Table 2. 

35 

EXAMPLE 10 

An organic coated film, electrodeposited film, intermediate-coated film, and topcoated film were formed 
on a substrate in the same manner as in Example 1 except that a water-based coating composition was pre- 
40 pared by mixing the self-emulsified polyurethane resin emulsion, UE1101, the self-emulsifiable epoxy resin, 
HITALOID 7800J-21, propenyloxazoline-containing polymer resin, K-1020E, the same colloidal aluminum sil- 
icate particle dispersion as that used in Example 9, and a melamine cyanurate in a weight ratio of 75^5/20/25/3 
on a solid basis. Thus, the desired test piece was obtained. 

The test piece obtained was subjected to the same test in the same manner as in Example 1. The results 
45 obtained in each test are shown in Table 2. 

EXAMPLE 11 

A water-based coating composition (nonvolatile content, 20%) was first prepared by mixing the self- 
so emulsified polyurethane resin emulsion, SUPER FLEX 100, the self-emulsifiable epoxy resin, HITALOID 
7800J-21, the propenyloxazoline-containing polymer resin K-1020E, the pigment, STRO N (strontium chro- 
mate, manufactured by Kikuchi Color & Chemicals Corp., Japan (the same applies hereinafter)), and the pig- 
ment, TITAN CR-91 (titanium oxide, manufactured by Ishihara Sangyo Kaisha Ltd., Japan (the same applies 
hereinafter)) in a weight ratio of 75/25/20/62.5/62.5 on a solid basis. 
55 Subsequ ntly, a hot-galvanized steel sheet (Gl) (sheet thickn ss, 0.4 mm) t be used as a coating sub- 

strate was d gr ased with trichlen and then treated with zinc phosphat . Th water-based coating compo- 
sition obtained above was applied on the resulting st el sh et with a bar coater, and baking was then conducted 
under c nditions of a maximum temp rature of 200°C and an ov n-pass time of 50 seconds to obtain a t st 
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piece having, as an undercoated film, an organic coated film in an amount of 5 g/m 2 (on a dry basis). 

The test piece was coated with NIPPESUPERCOAT300HQ (polyester resin topcoat) as a topcoating paint. 
Baking was conducted under conditions of a maximum temperature of 230°C and an oven-pass time of 60 
seconds to obtain a test piece having a topcoated film in an amount of 18 g/m 2 (on a dry basis). 

The test piece obtained was subjected to the following corrosion resistance test (2). 
Corrosion Resistance Test (2) (processed part): 

A stack of four sheets of the test piece obtained was bent, and the bent sheets (4-T part) were sprayed 
over a period of 1,000 hours with 5% NaCI solution warmed at 35°C. 

The test piece sprayed with saline solution was evaluated as follows: when the 4-T part had not generated 
a white rust on the surface thereof, it was rates as G; and when it had generated a white rust on the surface 
thereof, it was rated as B. The results obtained are shown in Table 2. 

COMPARATIVE EXAMPLE 1 



15 An organic coated film, electrodeposited film, intermediate-coated film, and topcoated film were formed 

on a substrate in the same manner as in Example 1 except that a water-based coating composition was pre- 
pared by mixing the self-emulsified polyurethane resin emulsion, UE1101, the self-emulsif iable epoxy resin, 
DIC FINE EN-0270, and the water-dispersible silica, SNOWTEX N in a weight ratio of 95/5/25 on a solid basis. 
Thus, the desired test piece was obtained. 

20 The test piece obtained was subjected to the same test in the same manner as in Example 1. The results 

obtained in each test are shown in Table 3. 

COMPARATIVE EXAMPLE 2 

25 An organic coated film, electrodeposited film, intermediate-coated film, and topcoated film were formed 

on a substrate in the same manner as in Example 1 except that a water-based coating composition was pre- 
pared by mixing the self-emulsified polyurethane resin emulsion, UE1101 and the water-dispersible silica, 
SNOWTEX N in a weight ratio of 100/25 on a solid basis. Thus, the desired test piece was obtained. 

The test piece obtained was subjected to the same test in the same manner as in Example 1. The results 

30 obtained in each test are shown in Table 3. 

COMPARATIVE EXAMPLE 3 

An organic coated film, electrodeposited film, intermediate-coated film, and topcoated film were formed 
35 on a substrate in the same manner as in Example 1 except that a water-based coating composition was pre- 
pared by mixing the self-emulsified polyurethane resin emulsion, UE1101, the propenyloxazoline-containing 
polymer resin, K-1010E, and the water-dispersible silica, SNOWTEX N in a weight ratio of 100/25/25 on a solid 
basis. Thus, the desired test piece was obtained. 

The test piece obtained was subjected to the same test in the same manner astri Example 1. The results 
40 obtained in each test are shown in Table 3. 

COMPARATIVE EXAMPLE 4 

An organic coated film, electrodeposited film, intermediate-coated film, and topcoated film were formed 
45 on a substrate in the same manner as in Example 1 except that a water-based coating composition was pre- 
pared by mixing the self-emulsified polyurethane resin emulsion, UE1101, the self-emulsifiable epoxy resin, 
DIC FINE EN-0270, and the water-based methylated melamine resin, SUMIMAL M40W (manufactured by Su- 
mitomo Chemical Co., Ltd., Japan (the same applies hereinafter)) in a weight ratio of 95/5/25 on a solid basis. 
Thus, the desired test piece was obtained. 
50 The test piece obtained was subjected to th same test in the same manner as in Example 1 . The results 

obtained in each test are shown in Table 3. 
COMPAFtATIVE EXAMPLE 5 

55 An organic coated film, electrodeposited film, intermediate-coated film, and topcoated film wer formed 

on a substrate in the same manner as in Example 1 except that a water-based coating composition was pre- 
pared by mixing the self-emulsified polyurethane resin emulsion, UE1101, the epoxy resin emulsion, AQUA- 
TOHTO 3540 (nonvolatile content, 55%; pH, 7.0-7.5; epoxy equivalent, 1,800; manufactured by Tohto Kasei 
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K.K., Japan (the same applies hereinafter)), the propenyloxazoline-containing polymer resin, K-1010E, and the 
water-dispersibie silica, SNOWTEX N in a weight ratio of 95/10/25/25 on a solid basis. Thus, the desired test 
piece was obtained. 

The test piece obtained was subjected to the same test in the same manner as in Example 1. The results 
obtained in each test are shown in Table 3. 

COMPARATIVE EXAMPLE 6 

An organic coated film, electrodeposited film, intermediate-coated film, and topcoated film were formed 
on a substrate in the same manner as in Example 1 except that a water-based coating composition was pre- 
pared by mixing the acrylic resin emulsion, BONCOAT ES-141 (nonvolatile content 45%; pH, 4.0-5.5; particle 
diameter, 0.1-0.2 p,m; manufactured by Dainippon Ink & Chemicals, Inc.), the propenyloxazoline-containing 
polymer resin, K-1010E, and the water-dispersible silica, SNOWTEX N in a weight ratio of 100/25/25 on a solid 
basis. Thus, the desired test piece was obtained. 

The test piece obtained was subjected to the same test in the same manner as in Example 1 . The results 
obtained in each test are shown in Table 3. 

COMPARATIVE EXAMPLE 7 

An undercoated film and a topcoated film were formed on a substrate in the same manner as in Example 
1 1 except that a water-based coating composition (nonvolatile content, 20%) was prepared by mixing the epoxy 
resin emulsion, AQUATOHTO 3540, the water-based methylated melamine resin, SUMIMAL M40W, the pig- 
ment STRO N. and the pigment, TITAN CR-91 in a weight ratio of 90/10/50/50 on a solid basis. Thus, the de- 
sired test piece was obtained. 

The test piece obtained was subjected to the corrosion resistance test (2) in the same manner as in Ex- 
ample 11. The results obtained are shown in Table 3. 



19 



EP 0 611 095 A1 



10 



15 



20 



25 



30 



CM 

co 

CQ 

<: 



35 



40 



CD 

<0 
i- 

CO 

-a 

CO 



e 

0) 



<d 

c 
cd 
>> 
a 



o 

e 

cd 



o 



CO 

O 
CL 

o 

GO 

c 



to 
o 



cu 
E 

-H 
Cb 



a] 

o 



CO 



c 

c: 

o 

Q. 

o 

u 
cd 
cu 



i 



CO 

to 
O 



4J 

cs 

GO 

ca 
c 



x *H 
O to 
Q- a> 

co u 



45 



50 



55 



at 

c c 



CU 

e 

CO 



O 

to 



o 
z 

CO 



to 
O 
rH 

o m 
t 



to 
z 

rH 
U-. 



O 

CM — > 
o tn 



o 

«— t m 
rH o\ 

3 



O 
CO 



CO 



X 

£ to 

o 
z 

CO 



to 

o ^ 
c 



O 



CM 
I 



»_3 * CO 
< O ^ 



O »-» 
cH tO 

.-I r- 
CO 



CM 



X 

£~ 

c 
z 
to 



CO 
O 



O 
CM 



i 

us 



o 



o 
o 



X 
LO 
,-3 

os 
co 
cu 

CO 



io 



O 

UJ 



Cu 
en 

CM 



tO 



id 



o 

to 



o 
CO 



o 

CO 



X 
CO 
E- 

o 
z 

CO 



CM 



CO 

o _ 
f 



CO 
Z 


o 

OO 




CO 

z 


O 
00 


l-l 


CNl 

CD 


in 

CM 


♦— » 


OJ 

O 


o 

1— 1 

o 


Z 

U4 




U 
l— ( 
O 


z 
to 



I 

a. 

< — 
en 
Z r» 

a 



UJ 

o 

CM 
O 



b4 



en 



o — 

• vO 



to 



» -2 

o 
z 

CO 



o 

CNl 

o 

I 



O 
CNl 



t-H 

»— » 

z: 
o 

Cu 
U3 



O 

«— I CT> 

» — ( VD 

W — 



o 



c 

■H 

e 

cd 
i— i 
a> 

6 



3 CO 

C — ' 

td 



o 



S2 

o 
z 

CO 



UJ 

o 

CM 

O 

I 

X 



o 



Z 
f— l 



eg 
o 



CO 



^ Z 



O — 
(— I iO 

UJ — 



d 

o 

to 

cv 

CUtO 
Crt OJ 



cd 

O 



on 



o 



I 



o 



O 



t 

•~3 



O 
O 



lO 



6- X — 



o 
o 



X 
to 

u- 

OS 
CO 
Cu 
13 
CO 



tO 



co 



o 

CO 



o 

CO 



ct ^ 

CO 



CD 



3 ^o 

aj 
>> 



cu 

<d 

u 

i — 4 r>» 

—I in 

O — 

3 Ml 

c: ^ 
-h a> 

6 cu 

cd *D 



to 



CO 

o ^ 
cvj 
O 
»-» 
I 



CO 



Cl, 



o 

CM » 

o to 

> — X 

z 

CO 



O 

«-H tO 

CO ^ 
3 



On 



cd 

u 



i — ( rvi — - 
tO 

C est 

O — ' 



tn 



rJ en 

•H CD 

£ cx, 

3 CO 

td xj 



to 

o ^ 
o 

CM 



o 



O ' — 

< o ^ 



O 

»— I CO 

to 



CJ 



to 



z N 



z — 

LO 

o • 
PS CM 

CO — 



to 

o _ 

CM 
O 



O 
CM 



O ' — 
►— 1 CO 



< 
t-i 



o 
o 
ao 



CM 



o 
o 

rH 

X 
CO 

Cl. 

as 
ro 
cu 

tD 

CO 



20 



EP0 611 095 A1 



10 



15 



20 



25 



30 



•a 



o 
u 



CM 

w 
-J 

CQ 

< 



35 



40 



45 



50 



55 



— < 

CD 
IS 









6 




to 


Li 


o 


CD 


cd 




u 






Cfl 




a> 




d 


jQ 


a* 


*H 




to 


C 


C 




O 




c 


•- » 






co 


u 




i-t 


CU 




0J 


*J 


a) 














♦— i 




u 



c 
o 

■ <-i 

co 
<D 



c 



to 

CO 



o 



CtJ rH 

5 O 
to 



CD 



cd g o 

c 57 « 
<° -a *** 
u o u 

« 2 3 

£ £ w 



U4 



o 
o 

o 

00 



G 

o 

•H 
to 
O 
u 
u 
O 

o 



U 
C 
m 

4-> 

to 
-H 
CO 
CU 

u 



OO 2* 

5-H 



85 
o 2 



C 

^ CJ g CO 

« c^s * 
2 30 ^ 

ad 



«-4 

a. 
E 
ca 
x 



2: 



o 



o 
o 



CM 



o 
o 



CJ 



ST 

o 



CJ 

o 



o 



00 



O 



o 
o 



o 
o 



CO 



0 



CJ? 



o 



o 
o 



o 

CO 



CO 



CJ) 



2: 
o 



vO 



o 
o 



in 



CVI 



O 



o 



o 

o 



O 
O 



o 



o 
o 



CO 



CD 



O 

o 



o 
o 



o 



0 



o 
o 



o 



o 

CD 



T3 



CD 


. — ( 




O 


-l C 


O 






O *-> 


0) 


Q> a) 


_d 


CL O 




en 0 




O 


<4~< 


u -a 


O 


CD 




CO CO 




JZ cd 


c 


4-> -Q 




1 


^; 


CM U 




O CD 


CD 


4-1 


C 


v ej 


c 


*j > 




JC 


to 


OO <D 


••h 


•H JZ 




CD A-» 


JC 




0 


CM 


cd 


O 


01 


X) 




CO 


C 


CO *J 


O 


^ C 


•H 


CJ 0 


<A 


CO C 


u 


Cl 0 


a> 


~ Q. 


CL 




CO 


to O 




jJ U 


T3 


c 


CD 


3 XJ 


O -H 




e ^ 


ea c 


CTJ O 


0 0 


to 


•W •►H 




r-i 4-1 




— < c 




CO CD 




> 


CD 


§ c 


4-» U-l 




« 0 


C 


0 


~H CD 


1-1 


§ 


-0 x: 




C GO 






<0 C 


CD 




to 3 


CD 


CD 


JC t? 


CO >«. 


*-l CD 


CD -O 


CA 


JC 




J-J CO 




C 


co a 


<u u 






c 


m cl 




O. 


•«-♦ CO 


0 


to e 


CD O 


M 




CD X 




a. a 


U 


CO 


C CD 


-«H JC 


Cl - 




C 




cn cn O 


cd C 


CD *J -W 


a O 


3 C J-» 


1 ~4 


fH CU -H 


. — i CO 


CO C CO 


•w u 


> 0 0 


CO CD 




a. 


cu E E 


CD CO 


j= O O 


JC -4 


H (J U 








r~4 


CM 



a) 
4-* 
O 



21 



EP 0 611 095 A1 



5 


Corrosion 
resistance (1) 
100/200 
cycles 


M/B 


M/B 


3! 


M/B 


M/B 


B/B 




10 


Substrate 


EG 

- 


EG 


EG 


EG 


EG 


EG 


GI 


15 
20 
25 

co| 

—3 
CQ 

30 < 

35 

40 

45 

50 

55 


Kind of each component of coating composition (amount n ) 


.gment 














r-t 

cn 
i 

° o 

< 

E— 
E- 


-* _ i 

cu 














STRO N 
(50) 


.Silica 


* 

SNOWTEX N 
(25) 


z. 

« tn 
O 

■55,-;. 
CO 


SNOWTEX N 
(25) 




SNOWTEX N 
(25) 


o 
z 

CO 




Crosslink- 
ing agent 






w 
o 

3 « 
S ^ 

i 


SUMIMAL 
M40W 
(25) 


K-1010E 
(25) 


K-1010E 
(25) 


«a > — 

s s s 

§ X - 

CO 


Epoxy 
resin 


DIC FINE 
EN 0270 
(5) 






DIC FINE 
EN 0270 
(5) 


o 

<r O 

5 2 ^ 
S ^ w 




O 
£-• 

r: <r o 

2 to cn 

cr 
< 


Urethane 
resin 


UEllOl 
(95) 


UEllOl 
(100) 


UEllOl 
(100) 


o ~- 
i en 


UEllOl 
(90) 


r-t 

<r 

o 

s ° 

< ♦— 1 

o ^ 
o 

Z, 

o 

CQ 




Compara tive 
Example 

















22 



EP0 611 095 A1 



10 



15 



20 



25 



30 



o 
u 



m 

CO 
-J 
CO 

< 



35 



40 



45 



50 



<0 

-a 

r-H 

a> 









e 




(ft 


u 


O 


CD 


«J 








u 


03 




01 




c 




cr 






CO 


c 


c 


OO 


o 




c; 


■»H 




-.h 


tn 


Li 


c 


u 


CD 


•— » 


0) 








td 


E 






cu 


»— I 







o 



o 
o 



cO 



^ a £ 
C E 

o 



to 
1) 



a c 
(ft c 

E *J 
3 o 

CO 



a> 



« o » 



C 
u 



o 
w 
i-J 
cj 

01 

— » 

UJ 



to 



CNJ 



eg 

S S 

o - 



CO 



O 
O 



13 



O 
O 



o 



CM 



CNl 

m 



o 
o 



o 

CO 



o 
o 



o 
o 



"H 



CO 
O 

u 

I 

CD 



X> 
CO 

CO 



> 

(1) 

co Q. 
»- E 

tO cO 

a- x 
E w 
o 
o 



CNl 



CQ 



n 



CNl 



CNl 



CO 
CNl 



CQ 



oj x 
x: 4j 

U~i o 

o 

(ft 

*J c 
jd cu 
oo c 
•w o 



QJ 




5 E 


r— 


o 


o 


u 




X3 


CO 


X> 






3 


-*J <— < 


E 


v-i O 


QJ 


co co 




Cl 


u 








« — I 


CO 4~> 


>> 




Li 


c: u-i 


CJ 


a o 


CO 


a 




E 


C 


to x 


CO 


00 




CD «H 




XZ 0) 






XI 


0> >N 


C 


■<-» XI 


-«H 


CO 


CO 


U to 


QJ 


•H *J 


U 


*a u 




C crj • 


QJ 


-h a. c 




o 


CO 


co o -H 


X 


QJ O 4-> 




« H -H 


QJ 


CD tft 


U 


x: m o 




aj ji a 




c a. 6 


CO 


cu o 




u co a 


*J 


<o -u 


O 


cu c 00 




0) c 




a> c -h 


CO 


JC O W 


■H 






6 O. 


<— ( 


COt) 


<T 




»— 1 




1 


CO CU CD 


CO 


til > CO 


w 


3 — i «n 








cn o i 


< 


> QJ U 


O 


O. ai 


o 


QJ CO 




x: ai to 


O 




CQ 








CNJ 



QJ 

o 
2: 



55 



The water-based coating composition of the present invention can form a coated film having a high d gree 
of anticorrosive properties, processability, and re-coating suitability du to the combined use of (1) a self- 
emulsified polyurethane resin emulsion, (2) an oxazoline polymer resin (i.e., an oxazoline-containing polymer 
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resin), and (3) a self-emulsif iable epoxy resin, because the oxazoline groups react, at a low temperature within 
a short time, with carboxyl groups used as a hydrophilic group necessary for hydration, and because of the 
incorporation of secondary OH groups attributable to the epoxy emulsion. 

Further, the water-based coating composition containing a melamine cyanurate has an advantage, be- 
sides the above-described one, that since the density of sites usable for current application in elect rodeposition 
coating can be controlled by changing the amount of the melamine cyanurate compound to be incorporated, 
it can be utilized in a wide range of fields as a coating composition excellent in weldability, a coating compo- 
sition for rust-proof steel sheets excellent in elect rodeposition suitability, press processing suitability, spot 
weldability, rust resistance, corrosion resistance after electrodeposition, and secondary bondability, and as 
a water-based coating composition applicable to various substrates. 

Furthermore, the water-based coating composition containing a water-dispersible silica, a water-disper- 
sible aluminum silicate, or a colloidal particle dispersion comprising mainly (i) a fumed silica or fumed alumi- 
num silicate, (ii) a colloidizing agent (aid) which is at least one compound selected from the group consisting 
of a phosphoric acid compound, a molybdic acid compound, a boric acid compound, and a silicic acid com- 
pound, and (iii) water attains even better anticorrosive properties and, hence, can form a coated film practically 
applicable to automotive steel sheets or the like even in a severe corrosive environment. 

While the invention has been described in detail and with reference to specific embodiments thereof, it 
will be apparent to one skilled in the art that various changes and modifications can be made therein without 
departing from the spirit and scope thereof. 



Claims 



1 . A water-based coating composition comprising 

(1) a self-emulsified polyurethane resin emulsion, 

(2) a resin which is either (i) a polymer of an oxazoline represented by formula (I): 



D 2 



R 3 



(I) 




-- 



wherein R 1 , R 2 , R 3 , and R 4 each represents a hydrogen atom, a halogen atom, an alkyl group, a phenyl 
group, or a substituted phenyl group; and R 5 represents a non-cyclic organic group having an addition- 
polymerizable unsaturated bond or (ii) a copolymer of the oxazoline and a monomer which is not reac- 
tive to an oxazoline group, and 
(3) a self-emulsif iable epoxy resin. 

2. The water-based coating composition as claimed in claim 1, which further contains (4) a melamine cy- 
anurate (a) and/or an ingredient (b) which is (b-1 ) a water-dispersible silica or water-dispersible aluminum 
silicate or (b-2) a colloidal particle dispersion comprising mainly (t) a fumed silica or fumed aluminum sil- 
icate, (ii) a colloidizing agent (aid) which is at least one compound selected from the group consisting of 
a phosphoric acid compound, a molybdic acid compound, a boric acid compound, and a silicic acid com- 
pound, and (iii) water. 

3. The water-based coating composition as claimed in claim 1. wherein the polyurethane resin (1) is one 
obtained by reacting (a) a polyol which is at least one compound selected from the group consisting of a 
diol, a polyester polyol and a polyether polyol with (b) an aromatic, aliphatic, or alicyclic diisocyanat . 

4. The water-based coating composition as claimed in claim 3, wher in the polyol (a) is a polycarbonate 
diol and th polyurethane resin emulsion (1) is an anionic self-emulsified polyurethane emulsion. 

5. The water-based coating composition as claimed in claim 1, wherein R 5 in formula (I) is a propenyl group. 
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6. The water-based coating composition as claimed in claim 1, wherein the oxazoline polymer resin or ox- 
azoline (2) is at least one compound selected from the group consisting of 2-isopropenyl-2^oxazoline, 2- 
isopropenyl-4-methyl-2-oxazoline, and 2-isopropenyl-5-methyl-2-oxazoline. 

7. The water-based coating composition as claimed in claim 6, wherein the oxazoline polymer resin or ox- 
azoline is 2-isopropenyl-2-oxazoline. 

8. The water-based coating composition as claimed in claim 1 , wherein the monomer which is not reactive 
to an oxazoline group is at least one compound selected from the group consisting of a (meth)acryfic acid 
ester, an unsaturated nitrile, an unsaturated amide, a vinyl ester, a vinyl ether, an a-olef in, an a,0-unsa- 
turated halogen compound monomer, and an a,p-unsaturated aromatic monomer. 

9. The water-based coating composition as claimed in claim 1, wherein the amount of the oxazoline is 5 
parts by weight or more per 100 parts by weight of the resin (2) on a solid basis. 

10. The water-based coating composition as claimed in claim 1, wherein the amount of the self-emulsifiabie 
epoxy resin (3) is from 5 to 50 parts by weight per 100 parts by weight of the self-emulsified polyurethane 
resin emulsion (1) on a solid basis. 

11. The water-based coating composition as claimed in claim 1, wherein the amount of the self-emuisif table 
20 epoxy resin emulsion (3) is from 5 to 40 parts by weight per 100 parts by weight of the self-emulsified 

polyurethane resin emulsion (1) on a solid basis. 

12. The water-based coating composition as claimed in claim 1, wherein the amount of the resin (2) is from 
1 to 50 parts by weight per 100 parts by weight of the sum of the self-emulsified polyurethane resin emul- 

25 sion (1) and the self-emulsified epoxy resin (3) on a solid basis. 

13. The water-based coating composition as claimed in claim 1, wherein the amount of the resin (2) is from 
5 to 20 parts by weight per 100 parts by weight of the sum of the self-emulsified polyurethane resin emul- 
sion (1) and the self-emulsifiable epoxy resin (3) on a solid basis. 
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14. The water-based coating composition as claimed in claim 2, wherein the amount of the melamine cyan- 
urate (a) is from 0.05 to 25 parts by weight per 100 parts by weight of the resin solid components on a 
solid basis. 

1 5. The water-based coating composition as claimed in clai m 2, wherein the amount of the silica or aluminum 
silicate (b-1) is from 20 to 60 parts by weight and from 40 to 100 parts by weight per 100 parts by weight 
of the resin solid components on a solid basis when the component (b-1) has a particle diameter of from 
100 to 150 nm and from 150 to 250 nm, respectively. 

16. The water-based coating composition as claimed in claim 2, wherein the amount of the colloidal particle 
dispersion (b-2) is from 15 to 60 parts by weight per 100 parts by weight of the resin solid components 
of the water-based coating composition on a solid basis. 



17. The water-based coating composition as claimed in claim 2, wherein the amount of the colloidal particle 
dispersion (b-2) is from 20 to 40 parts by weight per 100 parts by weight of the resin solid components 

45 of the water-based coating composition on a solid basis. 

18. The water-based coating composition as claimed in claim 2, wherein the solid/solvent ratio is (15-50)/(85- 
50) by weight and the proportions of the solid components are such that the ratio of the self-emulsifiable 
epoxy resin (3) to the self-emulsified polyurethane resin emulsion (1) is (5-40)/100 by weight, the ratio of 

so the resin (2) to the sum of the polyurethane resin (1) and the poxy resin (3) is (5-20)/100 by weight, the 

ratio of th melamin cyanurate (a) to the resin solid components is (0.05-25)/1 00 by w ight, and th ratio 
of the colloidal particles disp rsion (b-2) to the resin solid components is (20-40)/100 by weight. 

19. Th water-based coating composition as claimed in claim 16, wherein th self- mulsified polyurethan 
55 resin mul sion (1) is a polycarbonate diol and the oxazolin polymer resin or oxazolin (2) is 2-isopropenyl- 

2-oxazolin . 

20. The water-based coating composition as claimed in claim 1, wherein the coating composition is coated 
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on a substrate pretreated with a metal in a thickness of from 0.5 to 20 u.m on a dry basis. 

The water-based coating composition as claimed in claim 20, wherein the film coated with the water-ba- 
sed coating composition is further subjected to an electro-deposition coating. 

The water-based coating composition as claimed in claim 21, wherein the electrodeposited film is sub- 
jected to an intermediate-coating and/or a topcoating. 
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